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(P=0.04). We did not recognize a clear tendency in T2 relaxation time of
cartilage in proximal top of the femoral head regarding OA change. The
mean T2 relaxation time of the caritilage of the femoral head adjacent to
acetabular labrum was extended in conjunction with degenerative change
of acetabular labrum. This correlation was observed in prearthrosis joints
which demonstratede no or minor OA change in plain X-ray (P<0.05). No
signiﬁcant relationship was observed between T2 relaxation time and age,
body weight, CE angle or state of the contra-lateral hip joint.
Conclusions: T2 mapping techniques use T2 relaxation time as an indi-
rect indicator of structural change within articular cartilage due to the
alteration in interaction between water molecules and the collagen ﬁber
network with progressive cartilage degeneration. This study demonstrated
the clinical feasibility of T2 mapping using 1.5T MRI, which is widely used
in clinic, to evaluate hip joints with acetabular dysplasia. In addition, the
T2 relaxation time of cartilage was extended in conjunction with the de-
generative change of acetabular labrum. The results suggest that acetabular
labrum degeneration may play a important role in the pathology of OA in
hip joints at an early stage.
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Purpose: Some studies demonstrated potential of T2 mapping for assessing
cartilage degeneration, but they were restricted to evaluation of limited
area in the whole anatomical conﬁguration, due to availability of few
imaging planes at the femoro-tibial joints. Hence, there may be undetected,
abnormal cartilage lesions which were located out of the imaging section
and was undetected by those imaging techniques. The three-dimensional
(3D) distribution of the articular cartilage thickness in the knee joint
has been studied quantitatively using MR imaging in conjunction with
computational processing techniques, and no studies assessed T2 mapping
of articular cartilage in 3D knee models. The purpose of this study is to
assess 3D-T2 mapping and thickness of femoral cartilage of healthy knee
joint in vivo.
Methods: All participants provided informed consent to participate in the
study, which was approved by the Institutional Review Board. Fourteen
healthy subjects (24-38 years old, 7 male and 7 female, 7 left and 7 right)
with no knee pain and no previous history of knee injury participated in
this study. Each subjects’ knee was imaged using a fast image employing
steady-state acquisition cycled phases (Fiesta-C) sequence and T2 maps at
3.0T MR imaging system in the sagittal direction with the subject lying
supine. T2 maps were generated using a monoexponential ﬁt from 2D
multi-spin echo sequences, in which consecutive imaging sections without
interposition spaces were obtained by interleave acquisition techniques.
In both sequences, the same sagittal imaging planes were obtained in
each subject using identical axial localizing images. Cartilage region were
manually traced in each Fiesta-C image in custom-made software, and
used to construct 3D anatomic models of the femoral cartilage of the knee
joint. 3D-T2 mapping of femoral cartilage was constructed using that 3D
anatomic model of the femoral cartilage (Fig. 1). We assessed regional T2
mapping of femoral cartilage by dividing them into three regions of interest
(ROIs), trochlea of the femor (TrF), medial femur (MF), and lateral femur
(LF). TrF was used for aspects of the femoral cartilage located anterior to
Figure 1. (A) 3D-T2 mapping of femoral cartilage. (B) 3D mapping of cartilage thickness.
Figure 2. 2D-T2 map constructed from each sagittal T2 map and ROIs in the T2 map.
the intercondylar notch, and MF and LF for the medial and lateral aspects
of femoral cartilage posterior to it. The ROIs of the cartilage of MF and LF
were designated to be divided into an external and an internal subregion
(eMF, iMF and eLF, iLF) (Fig. 2).
Results: By the overall inspection of 3D-T2 and 3D-thickness map-
pings, anterior and posterior portions on the medial and lateral
femoral cartilages tended to show higher T2 values and lower thick-
ness, as compared with intermediate portions (Fig. 1). The average
T2 values of femoral cartilage were 39.6±3.5ms/38.3±2.9ms in the
medial/lateral condyle, and the average thickness were 1.7±0.3mm/
1.7±0.3mm in the medial/lateral condyle, respectively. Cartilage T2
values at eMF/iMF/eLF/iLF/TrF were 38.5±3.7ms/40.6±3.3ms/37.1±2.8/
39.6±2.6ms/37.2±2.3ms,respectively. (Fig. 3a) There were no signiﬁcant
differences among ROIs. Cartilage thickness at eMF/iMF/eLF/iLF/TrF were
1.6±0.2mm/1.7±0.3mm/1.6±0.3mm/1.7±0.2mm/2.1±0.4mm, respectively.
Cartilage thickness in TrF had signiﬁcantly higher value, compared to other
ROIs (p < 0.05).
Figure 3. (a) The T2 values of ROIs (N=14). (b) The cartilage thickness of ROIs (N=14).
*Signiﬁcant difference among ROIs (P<0.05).
Conclusions: The present study is the ﬁrst to reveal characteristic patterns
of cartilage 3D-T2 mapping in normal knees in vivo. The present ﬁnding
that enabled to assess quantitatively whole femoral cartilage of knee joint
may aid in understanding the normal morphology and condition of the
femoral cartilage, investigating which region of femoral cartilage tend to
degenerate ﬁrst and the mechanism of osteoarthritic involvement in the lo-
cal area. This result may make it possible to evaluate cartilage degeneration
without morphology change.
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Purpose: In patients with knee OA, quadriceps weakness is a common
clinical feature which is considered to be an important determinant of
